▪ Short-term follow-up according to iRECIST can help to distinguish pseudo-progression from real progression ▪ Hence, radiological follow-up outside clinical studies should be oriented towards iRECIST criteria 
Introduction
Immunotherapeutics are drugs allowing targeted treatment of tumors using molecular modulation of immunological processes [1] . They have been increasingly used in recent years in personalized cancer treatment so that they now are well established in first-and second-line therapies and in later treatment regimens. Moreover, a number of novel substances are currently in preclinical development and clinical testing (phase 0-III). They allow long-term progression-free or relapse-free disease courses in some tumors that were previously difficult to access with chemotherapy or were refractory, such as metastasized melanoma. The most important tumor entities for which the therapeutic outcome has been able to be improved by the use of immunotherapeutics are malignant melanoma, renal cell carcinoma, Hodgkin lymphoma, lung cancer (particularly, non-small-cell lung cancer (NSCLC)), squamous cell carcinoma of the head/neck region, colon cancer, and urothelial cancer [2] [3] [4] [5] [6] [7] . Newer studies were also able to show an advantage of the combined use of conventional chemotherapy and new immunotherapeutics in NSCLC [8] [9] [10] .
The mechanism of action of the substances currently in clinical use is based on modulation of the T-cell activation that counteracts the immune evasion of tumor cells. The molecular target structures currently primarily in use for this purpose are "cytotoxic T-lymphocyte antigen 4" (CTLA-4), "programmed death 1 receptor" (PD-1), and its ligands "programmed death ligand 1/2" (PD-L1/2) [11, 12] . ▶ Table 1 provides an overview of the currently approved substances.
At present, high-resolution imaging methods, such as computed tomography (CT) and magnetic resonance imaging (MRI), are the most clinically established biomarkers for response evaluation of immunotherapies. However, there are two pitfalls of immunotherapy that complicate radiological disease monitoring: immunomodulatory therapy can result in atypical response patterns including a divergent treatment response ("mixed response") as well as a delayed response seen after an initial increase in tumor size ("pseudo-progression") (▶ Fig. 1 ). This pseudo-progression may be caused by the initial increase in preexisting tumor lesions regarding size and/or number [13] . The invasion of immune cells followed by a change in tumor microenvironment is considered to cause this phenomenon but true tumor progression in the interval between initial imaging and onset of action is another possible explanation. However, rapid tumor progression after the start of treatment without secondary tumor response ("hyperprogression") has also been described in individual case reports.
According to current literature, the frequency of pseudo-progression seems to be variable and depends on the therapeutic agent, drug combinations and the underlying tumor. However, the currently available data are still limited since clinical studies are primarily focused on the safety and efficacy of the new immunotherapeutics and were evaluated with RECIST 1.1 as the primary outcome parameter and a later treatment response was sometimes not recorded. Therefore, pseudo-progression, if present is ▶ Fig. 1 Exemplary case of pseudo-progression in a patient with known non-small cell lung cancer (NSCLC) treated under immunotherapy: In follow-up 1, moderate progression of the primary tumor, size progression of a soft tissue metastasis next to the right kidney and new appearance of a perisplenic soft-tissue metastases can be depicted, leading to an "unconfirmed progressive disease" (iUPD). At the second follow-up, all lesions showed a decrease in size leading to a "stable disease"the initially diagnosed progression could not be confirmed. According to RECIST 1.1, the progression observed in the first follow-up would have led to the decision to stop therapy. Lennartz [13] , the frequency of pseudo-progression in metastasized malignant melanoma is approximately 10 %. For instance, transient pseudo-progression with subsequent treatment response was described in 9.7 % of cases of malignant melanoma treated with ipilimumab (anti-CTLA-4) in a study by Wolchok et al. [14] , while Hodi et al. reported a pseudo-progression rate of 10 % in melanoma patients treated with nivolumab (anti-PD-1) [15] . In another study by Hodi et al. [16] , initial pseudo-progression with subsequent significant treatment response was seen in 5 % of patients with advanced malignant melanoma treated with pembrolizumab (anti-PD-1) and delayed slow treatment response was seen in 3 % of cases. Compared to malignant melanoma, the currently available data regarding pseudo-progression under immunotherapy for other tumor entities is sparse and is based partially on case reports: Tanizaki et al. [17] reported pseudo-progression in two patients with non-small-cell lung cancer (NSCLC) under treatment with nivolumab with complete response of liver metastases, as subsequently confirmed by histopathology. In contrast, in a NSCLC study, Nishino et al. [18] recently did not observe any pseudo-progression under nivolumab treatment (0 of 56 patients). A larger study regarding the treatment of NSCLC with pembrolizumab showed pseudo-progression in 16/ 495 patients (3.2 %) [5] . Other study data describes a rate of pseudo-progression of 1.8 % (3 of 168 patients) in renal cell carcinoma (RCC) [19] and of 1.5 % (1 of 65 patients) in bladder cancer [20] . Based on the available data, it can be assumed that pseudo-progression typically occurs within the first three months after start of immunotherapy, while later progression (> 6 months after the start of treatment) is more likely related to an real tumor progression. However, systematic studies regarding the time of occurrence of pseudo-progression as a function of tumor entity and treatment regimen are currently lacking. An overview of the pseudo-progression rates according to disease and treatment regimen is provided in ▶ Table 2 .
Apart from pseudo-progression and positive treatment effects, immunotherapy may also result in autoimmune side effects, such as immune therapy-associated pneumonitis, reac-tive lymphadenopathy, sarcoidosis-like reactions, colitis, or hypophysitis. These can limit therapy depending on their extent and must be detected properly and not be mistaken for tumor progression (▶ Fig. 2 , ▶ Table 3 ). Therefore we refer to detailed review articles [21, 22] for information regarding the various patterns of manifestations in the different organs.
iRECIST Radiological criteria for response monitoring were developed in clinical studies under defined treatment conditions. The transferability to the clinical radiology routine is limited due to various factors like necessary pauses of therapy, dose modifications, individual treatment concepts, or a lack of clinical information or prior imaging. However, treatment monitoring under immunotherapy should be as accurate as possible in the clinical routine and be performed under consideration of possible atypical response patterns or autoimmune side effects. An adapted application of the established RECIST 1.1 or iRECIST criteria can be helpful in the clinical routine and allow a more objective assessment of treatment response. However, this is sometimes already required by health insurances when an individual cancer treatment is requested.
The atypical response patterns under immunotherapy are sometimes incorrectly interpreted as tumor progression based on classical response criteria (like RECIST 1.1) resulting in an unjustified discontinuation of treatment. Therefore, the immunerelated response criteria (irRC) were developed in 2009 on the basis of the WHO criteria and were adapted in 2013 to RECIST 1.0 and in 2014 to RECIST 1.1 [6] [7] [8] . In 2017, the iRECIST criteria that represent a further development of the RECIST 1.1 criteria with respect to atypical response patterns under immunotherapies were published by the official RECIST working group [23] .
The primary imaging modalities used are contrast-enhanced CT and MRI with with an axial slice thickness of ≤ 5 mm being preferred for best possible reproducibility. For details regarding the definition of target and non-target lesions, please refer to the corresponding literature [23, 24] . In the case of iRECIST, the definition of target and non-target lesions in the initial examination ▶ New not definitively tumorous lesions, such as inflammatory lymph nodes, should initially be classified as findings so that treatment can be continued. However, if these lesions are confirmed in the next follow-up examination as tumor lesions, the onset of progressive disease (PD) is retrospectively backdated to the examination that detected the initial occurrence of these lesions. 
Treatment response

Response evaluation under immunotherapy: Recommendations and orientation for clinical practice
Oncological imaging outside study protocols Based on RECIST 1.1 and iRECIST, high-resolution CT is the standard for staging of the chest and abdomen, while MRI is used for imaging of the neurocranium or the extremities. With regards to ▶ [26] choosing the optimal imaging modality, examination protocol and interval, current AWMF guidelines for the corresponding tumor entity can provide orientation. Since modern MRI units increasingly improve the intermodal comparability between MRI and CT, a switch from CT to MRI can be considered for follow-up, particularly in the case of long recurrence-free courses. The following time points based on iRECIST can be used as imaging intervals under immunotherapy (also see the expert opinion below): at any time in the case of clinical worsening, otherwise: ▪ regular follow-up interval after 8-12 weeks in iSD, iPR, and iCR ▪ shorter follow-up interval of 4-8 weeks in iUPD It must be taken into consideration that "day 0" of the initial imaging often does not correspond to the treatment start day. In this regard it is recommended that the imaging that serves as the baseline examination is as close as possible to treatment initiation and should at least not be older than 4 weeks, because otherwise any changes in tumor size and/or new tumor lesions not shown in the baseline examination occurring by the start of treatment can result in a misinterpretation in the first follow-up. A shorter interval of 4-8 weeks after detection of an iUPD seems reasonable in the case of possible pseudo-progression over the course of the disease, in clinically stable patients or in the case of lack of other treatment options. According to the expert opinion, the concrete time should be based on the patient's condition and the suspected diagnosis: after 4 weeks in the case of suspected true progression, after 6-8 weeks in the case of suspected pseudo-progression so that a possible later response is not missed. In the case of clinical worsening, imaging should be performed again immediately.
Response evaluation over the course of the disease
In principle the use of iRECIST in routine reporting under immunotherapies is considered as helpful. However, a direct translation to the clinical setting is often not possible as a result of numerous limitations. Among others, a lack of clinical information (e. g. re-garding the start of treatment or treatment breaks), personalized treatment concepts (like combination of different anti-cancer subtances), parallel effects (like the abscopal effect in parallel radiation therapy at another location), and missing or insufficient prior imaging are an inherent problem of long-term treatment monitoring for radiologists. As a result, for example, a patient without diagnostic imaging at the time of the best treatment response with the lowest tumor burden (so called nadir) compared to previous imaging could be incorrectly evaluated as stable disease (SD) although the missing imaging would actually show a relevant increase in the tumor burden in terms of progressive disease (iUPD).
According to expert opinion, treatment monitoring under immunotherapy should be performed when possible in the clinical routine ideally based on the iRECIST criteria in relation to the definition and number of target lesions and non-target lesions and the method for new lesions. In the clinical routine this would concretely mean a measurement of the 5 maximum target lesions and naming of the additional TLs and non-TLs, combined into groups if applicable, seems to be adequate. Although this information is currently already included in most reports, but it is often provided in a minimally structured and not always RECISTcompliant manner (e. g. measurement of lesions < 10 mm with consecutively high measurement variance, measurement of different, sometimes divergent or more than 5 lesions). This problem could be minimized by structured listing of the TLs and non-TLs. This could save time and simplify re-measurement of predefined lesions and recording of the current measurements during follow-up examinations compared to an approach in which divergent and sometimes more than 5 lesions are selected, remeasured and listed with serial number and table position in prose form. Special oncological software solutions that allow a simplified, more time-efficient, and iRECIST-compliant response evaluation seem advantageous here. Alternatively, semiautomatic analyses of response on a "time-point" basis can already be performed online with the help of cost-free RECIST calculators (like from the German Radiological Society (DRG)) under www.befundung.drg. de/de). However, experts are aware that the use of oncological software solutions for optimized reporting of findings currently still has numerous limitations such as sometimes impossible or only suboptimal IT integration in existing radiology reporting systems and that the high purchasing costs are not taken into consideration in reimbursement by health insurance. Therefore, this cannot be required as a standard for routine reporting.
A further basic problem is that the majority of cancer patients are undergoing non-standardized treatment regimes in contrast to clear defined study settings and complete transfer of all necessary clinical information cannot always be ensured. As a consequence, treatment monitoring with long-term evaluation analogous to iRECIST criteria is sometimes not consistent and possible for every tumor patient. However, at least the structured determination and documentation of the total tumor burden at the particular scan time and an evaluation in comparison to the most recent prior examination based on iRECIST seems possible without relevant additional work. In this procedure the referring physician would receive a structured evaluation for every time point (in comparison to the most recent prior examination) but would also have the option to analyze and evaluate the long-term course on the basis of the total tumor burden (including nadir) previously acquired and documented in the same way.
Finding terminology: Use caution regarding key words from the study setting When reporting the findings from oncological examinations of patients undergoing immunotherapy, it should be taken into consideration that the terms "progressive disease", "partial response", and "stable disease" are clearly defined within the established criteria and noncritical use can give a false impression in interdisciplinary communication. To avoid misunderstandings between oncological clinical disciplines and radiologists possibly resulting in unjustified treatment changes, the authors suggest that these terms should be avoided in the radiology report outside of studies. Instead, terminology should be oriented towards existing criteria (in immunotherapy according to iRECIST and in conventional chemotherapy according to RECIST 1.1) such as: ▪ Compared to month/year, "stable tumor status" or "stable finding", instead of iSD. ▪ Compared to month/year, "very good treatment response" or a "significant reduction in tumor size", instead of iPR. ▪ Compared to month/year, a "significant increase in tumor size"
or "progressive tumor lesions with respect to number and/or size" seen for the first time; optionally in the case of suspicion of pseudo-progression on imaging, compared to month/year, "significant increase in tumor size possibly related to/or caused by pseudo-progression", instead of iUPD. ▪ Compared to month/year, "further increase in tumor size" or "further progression of tumor lesions with respect to number and/or size suspicious for real tumor progression", instead of iCPD.
Uniform language should be discussed and used with the referring colleague depending on the local preference.
Disease progression versus pseudo-progression RECIST 1.1 and iRECIST are designed for use under defined clinical study conditions. However, due to the increased use of immunemodulating treatments also in daily radiology practice, it is necessary to be familiar with the possibility of an atypical response when reporting subsequent examinations. The concept of "unconfirmed progression (iUPD)", which was added to iRECIST to account for the possibility of pseudo-progression under immunotherapy, can be used for orientation purposes in these cases.
The following aspects should be taken into consideration in the evaluation of a possible pseudo-progression: 1. In principle, pseudo-progression can occur under treatment with all currently approved immunotherapeutics. This can be expressed as size progression of existing lesions as well as new lesions compared to the baseline examination [25] . To date, there is no noninvasive biomarker (laboratory tests, morphology, metabolic) that allows a reliable, routine ad hoc differentiation of pseudo-progression from true tumor progression under immunotherapy. Radiological follow-up might be helpful for differentiation and confirmation of the suspected diagnosis.
2. It total, the probability of pseudo-progression is to be considered markedly lower compared to the presence of true tumor progression: up to 10 % in malignant melanoma, up to 2 % in squamous cell carcinoma of the head-neck region, between 3 % and 5 % in the case of NSCLC, between 1 % and 4 % in the case of renal cell carcinoma [6, 15, 16, 19, [26] [27] [28] . Since the response rates for immunotherapy are between 20 % and 40 % depending on the primary disease, the probability of pseudoprogression must be considered significantly lower than that of true disease progression. However, for the individual tumor patient, the occurrence of an initially less probable pseudoprogression can be of significant advantage for life in the long term [26, 29, 30 ]. 3. The extent of the progression is not a valid predictor of whether the progression is pseudo-progression or true progression. Particularly in the case of malignant melanoma and NSCLC, in the case of pronounced tumor increase pseudoprogression with a favorable long-term course or a fulminant tumor progression ("hyperprogression") could be present [31] [32] [33] . Increases in size of up to 163 % with consecutive size regression have been described in individual cases in the context of subsequently confirmed pseudo-progression [34] . 4. Typically pseudo-progression occurs at the start of therapy, i. e., in the first 6 months or in the first two follow-up examinations after the start of treatment according to the expert panel. Late progression seen several months after the start of therapy or after a treatment response is probably "true" disease progression. 5. Currently available equipment technology allows visualization of small lesions, even very small, previously occult lesions in some follow-up examinations. It should be taken into consideration that not every newly detected lesion is suspicious for disease progression and an inflammatory genesis or autoimmune side effect of tumor therapy could be the real cause (finding or treatment side effect). Progression should be determined based on the described RECIST 1.1 or iRECIST criteria that were defined under consideration of biological and equipment-based measurement variances. 6. In the case of initial lesion progression, the clinical evaluation of the patient should play a central role when making decisions regarding the continuation of treatment. The iRECIST guidelines clearly recommend careful consideration of continuation of immunotherapy at the initial occurrence of tumor progression (iUPD) and discussion with the patient only in a subjectively stable clinical situation. 7. The indication for biopsy for differentiation of pseudo-progression from true progression should be determined based on iRECIST particularly in the curative setting in order to allow early treatment adjustment in the case of true progression. However, it must also be stated that it can sometimes be very difficult or impossible for the pathologist to provide reliable differentiation based on tissue samples.
In summary, modern immunotherapies play an important role in personalized cancer treatment. In oncological imaging, atypical treatment response patterns and an altered spectrum of adverse reactions to immunotherapeutics sometimes present a challenge.
However, the iRECIST recommendations can be helpful in this case and serve as a guide in clinical practice and outside studies.
